Reagent8. These were as described by . In addition [1-34C] Nuclear and8ubnuclearpreparation&. Nuclei were isolated from rat liver in 0*25M-sucrose as described by .
Scheme 1 shows the method used for isolating nucleoli and other subnuclear fractions. Batches of isolated nuclei, suspended in 15-20 ml. of 0 25m-sucrose, were subjected to ultrasonic vibration (20 keyc./sec.) at 20 in a MSE ultrasonic disintegrator (60w) with a titanium probe of 1 cm. diam. until all nuclei were disrupted (usually 7 min.). The resulting suspension was centrifuged for 30 sec. at 2500g to remove probe debris and coagulated protein. The fractionation procedure and the analytical methods are given in the Materials and Methods section. The results are the means of six similar experiments, with the ranges given in parentheses. Percentage recovery of nuclear N 100 5-5 (4.5-7.3) 24-2 (16-0-38-6) 54-1 (46-9-61-5) 8-1 (7-0-13-8) 3*0 (2-1-4-7) 4-7 (2-3-7.0) Chemical composition (,ug./mg. of protein N) RNA P 36-7 (25-8-52 3) 65-5 (60 0-73.5) 45-8 (32 9-58 0) 35-9 (23 5-42-0) 34-4 (21-9-43-8) 14-9 (9-5-18-8) 7-8 (1-6-11-8) 131 186 (170-221) 106-5 (88-8-129) 36-0 (13-3-51.6) 17-3 (94-25.0) 6-3 (3.9-7 8) Phospholipid P 39-5 (28.5-450) 37-8 (35-2-41-8) 31-8 (17-5-45- Analytical method8. DNA, RNA, phospholipid and nitrogen were determined by the methods used by , modified as follows for application to the small amounts of material obtained in some of the subnuclear fractions. A suspension ofmaterial was precipitated with 10% (w/v) trichloroacetic acid and washed twice with 5 % (w/v) trichloroacetic acid, and the precipitate was extracted for the determination of phospholipid as described by Wheeldon & Collins (1957) except that acetone was used once and chloroform-ethanol (2:1, v/v) three times. The residue was extracted with 5 % trichloroacetic acid at 900 and the extract divided into two for the determination of DNA by the diphenylamine method of Dische (1955) and of RNA by the orcinol method of Mejbaum (1939) . The residual protein was analysed for nitrogen by the micro-Kjeldahl method.
Cytochrome oxidase, succinoxidase, dihydronicotinamide-adenine dinucleotide-cytochrome c reductase and dihydronicotinamide-adenine dinucleotide-neotetrazolium reductase were determined as described by , and lactate dehydrogenase was determined by the method of Kornberg (1955) .
The incorporation of radioactivity in vitro was measured as described by , the incubation mixture being: 50 jumoles of sodium phosphate buffer, pH 7-4; 50 umoles of NaCl; 1 ,uc of "4C-labelled substrate; 1-5 ml. of subnuclear fraction suspended in 0-25M-sucrose; water to 2-5 ml. The temperature of incubation was 380.
Histochemical methods. Reactions with acid haematin after various types of fixation to show the presence of phospholipid associated with heterochromatin were as described by La Cour, Chayen & Gahan (1958) .
The methyl green-pyronin reaction was as described by Darlington & La Cour (1960) .
RESULTS
Chemical composition. From the analytical results in Table 1 , the nucleoli may be seen to represent about 6 % of the nuclear nitrogen, whereas nearly 80 % is recovered in fractions B and C. Also shown in Table 1 are the ratios of RNA phosphorus to protein nitrogen, DNA phosphorus to protein nitrogen, and phospholipid phosphorus to protein nitrogen for each fraction. Of the fractions, the nucleoli have the highest RNA:protein ratio, fraction B the highest DNA: protein ratio, and fractions D and E, which are low in nucleic acids, have very high phospholipid: protein ratios. Fraction F, the supernatant, is mainly protein and is very low in nucleic acids and phospholipids.
Enzyme studies. As in previous papers Rees, Ross & Rowland, 1962 ) the activities of various enzymes in the nuclear preparations have been determined and an attempt has been made to localize the site of the enzymes within the nucleus. Succinoxidase determinations were carried out as an indicator of mitochondrial contamination of the intact nuclei. In many preparations no succinoxidase activity was detected, but, where present, mitochondrial contamination was calculated to be less than 2 %. Succinoxidase activity was not detected in any of the subnuclear fractions even when these were isolated from nuclei which showed slight activity. . The results of three typical experiments are shown in Table 3 rather than a mean of all experiments, since the level of incorporation varied from preparation to preparation. However, the pattern of ability to incorporate by the various fractions was always the same. The nucleoli (fraction A) and also fractions D and E are many times more active in incorporating amino acids and orotic acid than the intact nuclei, whereas the other fractions are generally somewhat less active than the original nuclear preparation. Another feature is that fraction E is always more active than the nucleoli in a given experiment.
On the basis of these experiments it appears that there are two main 'sites' (fraction A and fractions D plus E) for the incorporation of both amino acids and nucleotides. Chemical analysis indicates that fractions D and E are not just disrupted nucleoli, but the question arises whether the two 'sites' are structurally associated in the intact nucleus. To investigate this possibility batches of nuclei were divided in two. One half of the batch was subjected to ultrasonic vibration for the minimum time to give full nuclear breakage (Ij-2 min.) and Table 2 . Activity of enzymes in isolated rat-liver nuclei, ultrasonic extracts of nuclei, nucleoli and subnuclear fractions
The fractionation procedure and the enzyme-assay systems are given in the Materials and Methods section. The results are the means of at least four experiments, with the ranges given in parentheses. In all cases the necessary blanks have been subtracted and enzyme activity shown to be linearly related to enzyme concentration. 5-8 (4.6-7.9) 0-3 (0 1-0-4) 2-0 (1-2-2.9) 2-4 (2.0-2.8) 4-6 (3.6-6.2) 3.9 (2.3-5.8) These reactions, when applied to fractions A and E ( Table 5 ), suggest that fraction E contains large quantities of heterochromatic phospholipid and that the nucleoli also contain a small amount of this lipid. These results indicate that fractions D and E represent heterochromatin which in the intact nucleus is associated with the nucleolus and which has become separated during disruption of the nuclei. The experiments described above were all based on separation of subnuclear material before the incorporation of labelled substrates. Table 6 shows the results of fractionation of the nuclei after the incorporation of [1-14C]leucine in vitro. A very high specific activity was obtained in the protein of the nucleoli in comparison with that of the other fractions, D and E being particularly low.
DISCUSSION
The site of protein synthesis within the nucleus was once a subject of interest (Caspersson, 1947) , but has subsequently been overshadowed by the interest in cytoplasmic protein synthesis. Recent techniques permitting the isolation of metabolic- (Allfrey, Mirsky & Osawa, 1957; open up the possibility of reinvestigating this problem.
The only structure visible in the resting nucleus is the nucleolus, and so the method for fractionation was begun with the isolation of this subnuclear component from disrupted nuclei. The isolation of nucleoli from disrupted rat-liver nuclei has been described by Monty, Litt, Kay & Dounce (1956 (La Cour et al. 1958 ). This leaves the supernatant (fraction F) which is low in nucleic acids and lipids and which is considered to be the nuclear sap.
All the subnuclear fractions incorporated amino acids into protein to some extent, but it is clear that two main components of high activity have been isolated from the nucleus. Since an arbitrary fractionation scheme was adopted it is considered that the activity that persists in the intermediate fractions is due to contamination by material from the active components. Caspersson (1947) suggested that a region of chromatin associated with the nucleolus (heterochromatin) secreted substances of a protein nature, and Sirlin (1958) , using radioautography, has produced evidence that 14C-labelled amino acids are incorporated by nucleoli and their associated chromatin. La Cour et al. (1958) have shown the presence of a lipid material in chromosomes and in particular in the heterochromatin. Since fractions D and E are rich in phospholipid and show a high synthetic ability it seemed likely that these fractions contained heterochromatin. Conceivably these fractions could have become separated from the nucleoli during the ultrasonic disruption of the nuclei. For this reason an attempt was made to reduce the disruption time to the point where nucleoli and heterochromatin were still structurally associated. This was not completely achieved, although with a reduced disruption time the activity of the nucleoli was higher and that of fractions D and E lower. In addition there appeared to be a transfer of lipid material from the nucleolus to fractions D and E with a prolonged disruption time.
Fractions D and E possess similar staining properties to the lipid material surrounding the nucleoli in intact nuclei. It is concluded from this evidence that fractions D and E are probably the heterochromatin long recognized by the cytologist, and that in the liver-cell nucleus it is structurally associated with the nucleolus.
The fractionation of nuclei after incubation at 370 with [1-14C]leucine does not follow the same pattern as that obtained with freshly isolated nuclei. This is borne out by the finding that the quantities of nuclear material recovered in the fractions differ markedly depending on whether preincubated or fresh nuclei are used. This may be the explanation for the high labelling in the nucleolus and the low activity in fractions D and E, and, if correct, it must be assumed that the heterochromatin has not been separated from the nucleolus during the disruption of the nuclei in this type of experiment. The question remains whether there are two different sites of incorporation of amino acids in the nucleus, the nucleolus and heterochromatin, or whether the nucleolar activity can be explained in terms of residual heterochromatin not separated during nuclear disruption. This latter view is supported by the results of a prolonged period of disintegration in which nucleolar activity was considerably decreased. In addition, the staining reactions of nucleoli with acid haematin indicate the presence of some heterochromatic phospholipids even after such a prolonged disruption time. It is concluded therefore that, although the site of incorporation of amino acids in the nucleus is in the region of the nucleolus, it is probably in the associated heterochromatin and not the nucleolus itself. Whether this state of affairs is true for the incorporation of orotic acid into RNA is not yet known, but, since the pattern of incorporation of orotic acid in the. subnuclear fractions follows that of incorporation of amino acids, it may well prove to be localized in the heterochromatin region also.
The possibility of a close structural association between the sites for nuclear protein synthesis and RNA synthesis is of interest when considering whether nuclear protein synthesis depends on the presence of ribonucleoprotein particles as are present in microsomes. Such microsomal particles or ribosomes are characterized by their RNA and protein composition, their sedimentability and their ability to incorporate amino acids into protein when fortified with 'pH 5 enzymes' from cell sap, ATP, GTP, Mg2+ ions and an ATP-generating system. Various groups of workers have described nuclear ribonucleoprotein particles but it is difficult to compare their results since different methods of fractionation have been used. Frenster, Allfrey & Mirsky (1960) described the isolation of a range of ribonucleoprotein particles from thymus-cell nuclei with certain similarities to cytoplasmic ribosomes. The greatest incorporation into both protein and RNA occurred in ribonucleoprotein particles that had a very low RNA: protein ratio, a situation resembling that described in this paper more closely than that in microsomes. Szafranski, Wehr & Golaszewski (1961) obtained three fractions from guinea-pig-liver nuclei of which one was described as consisting of ribonucleoprotein particles. Although this fraction incorporated amino acids in a system without an added energy source, the supernatant fraction (similar to fractions D and E described in the present paper) was three times as active as their so-called ribonucleoprotein particles.
Rendi (1960) isolated subnuclear fractions from rat-liver by using deoxycholate and Lubrol to disrupt the nuclei. However, when the nuclei were fractionated after the incorporation of amino acids, the most active fraction was not that consisting of the so-called ribonucleoprotein particles but was one without RNA or DNA. This fraction, moreover, incorporated amino acids without the addition of an external energy source.
It would appear, therefore, that the active fractions described in the present work do not correspond to the nuclear ribonucleoprotein particles described by other workers since they are very low in RNA. It appears, however, that similar subnuclear material, low in nucleic acids, has been isolated by these other workers and that this material is often more active after incorporation than the ribonucleoprotein particles. Unfortunately, none of the other workers have analysed their subnuclear fractions for phospholipid, which we have found to be a major constituent of the active fractions D and E.
The presence in nuclei of certain enzymes suggested that an electrontransport chain similar to the respiratory chain in mitochondria may exist in rat-liver nuclei and may play a role in the production of energy for synthetic reactions. Since the nucleoli and heterochromatin incorporate actively when isolated from the rest of the nuclear material, they should be rich in such enzymes if these enzymes are involved in energy-yielding reactions necessary for the incorporation. The limited number of enzymes studied in this respect all appear to be concentrated in fractions D and E and all are very low in the nucleoli. Although it appears that the site for incorporation is localized in the heterochromatic material it is difficult to understand why the nucleoli that retain enough of this material to incorporate actively do not also retain high concentrations of the enzymes. It must be concluded that there is insufficient evidence at present to confirm that an oxidative mechanism is responsible for the energy production needed for the incorporation of amino acids into protein in the nucleus. SUMMARY 1. Rat-liver nuclei isolated in 0-25 m-sucrose were disrupted by ultrasonic vibration and subjected to differential centrifuging to isolate nucleoli. The remainder of the disrupted nuclear material was arbitrarily fractionated by centrifuging into four sedimentable fractions and a supernatant.
2. Determinations of RNA, DNA, phospholipid and protein, together with staining reactions of the subnuclear fractions, suggest that a separation of nucleoli, chromosomal material, a lipid-rich material and nuclear sap was achieved.
3. Although all the subnuclear fractions will incorporate 14C-labelled amino acids into protein and [6-14C]orotic acid into RNA without an additional external energy source, the nucleoli and the lipid-rich material have by far the greatest activity.
4. There is high specific activity of certain Vol. 86 135 oxidative enzyme systems in the lipid-rich fractions but they appear to be absent from nucleoli.
5. It is concluded that the lipid-rich material may be the heterochromatin associated with the nucleoli and that this is the active site for the incorporation of amino acids by rat-liver nuclei.
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